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COMPOSITION CONTAINING RIBAVIRIN 
AND USE THEREOF 

CROSS REFERENCE TO RELATED APPLICATION 

[1] This application is a continuation-in-part of Application No. 09/812,024, filed 
March 19, 2001, and also claims the benefit of U.S. Provisional Application No. 60/41 1747, 
filed March 19, 2002. Both applications are hereby incorporated herein by reference. 

TECHNICAL FIELD 

[2] The present invention relates to a pharmaceutical dosage of ribavirin. More 
specifically, the present invention relates to a process and product containing a ribavirin 
composition and its administration. 

BACKGROUND 

[3] Ribavirin (l-(3-D-ribofuranosyl-l//-l,2,4-triazole-3-carboxamide) is a known 
synthetic nucleoside analog with broad spectrum antiviral activity. See, e.g., U.S. 3,927,216 
to Witkowski et al. It is a colorless, water-soluble, stable material and is known to have two 
polymorphic forms. 

[4] Ribavirin compositions are also known as, for example, disclosed in U.S. 
Patent No. 6,337,090; Canadian Patent No. 2,135,669; and U.S. Patent Application 
Publication 20030104050 Al. As noted in U.S. Patent No. 6,337,090, there are many 
processing difficulties in preparing ribavirin compositions, including flowability, uniformity, 
etc. Ribavirin is known to have poor flow, which adversely affects its manufacture into solid 
dosage forms. A drug's manufacturing characteristic is important because it can affect 
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weight variability, uniformity etc. of a dosage form of the drug, which in turns affects the 
drug's dissolution and bio-availability in a subject having ingested it. 

[5] Ribavirin is currently indicated for use as a combination therapeutic for 
Hepatitis C. As such, ribavirin is administered in large dosages, e.g., a dose as large as 1200 
mg per day, together with interferon injections. Currently, however, ribavirin is only 
approved in the United States in the form of a 200 mg dosage. Hence, dosing regimens 
involve 4 to 6 capsules a day for treatment of Hepatitis C infections. The multiple capsules 
are typically taken twice daily so that the proper level of ribavirin can be maintained in the 
body. This dosage regimen is continued daily for a number of months and because of the 
frequency and number of capsules required for treatment, patient compliance becomes 
problematic. Additionally, the large dose of ribavirin needed for treating Hepatitis C causes 
undesirable side-effects for some patients. 

[6] Accordingly, a need exists to ameliorate the dosage regiment so that a more 
stable concentration of ribavirin can be achieved in a subject taking the medicament and to 
facilitate patient compliance. A continuing need also exists for improved ribavirin 
compositions. 

SUMMARY OF THE DISCLOSURE 

[7] An advantage of the present invention is a process and product containing an 
improved ribavirin composition that can be manufactured in solid dosage forms, e.g., 
immediate release or sustained release products. 

[8] These and other advantages are satisfied, at least in part, by a process of 
forming a free flowing granular ribavirin composition. The process comprises mixing 
ribavirin with at least one excipient to form a mixture; adding water to the mixture; forming 
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the wet mixture into ribavirin containing particles; and drying the particles to form free 
flowing particles. 

[9] The free flowing ribavirin composition of the present invention 
advantageously allows the manufacture of highly uniform ribavirin dosages for immediate or 
sustained release of ribavirin when ingested in a human subject. By providing a free flowing 
composition, ribavirin dosages can be fabricated where the quantity of the composition varies 
only minimally among the produced dosage forms, e.g., the weight variation among 
produced capsules or tablets is minimal. The present inventive process also advantageously 
allows the manufacture of ribavirin dosages having high content uniformity, e.g., where the 
amount of the active ingredient among produced dosages varies minimally, which in turn 
leads to a consistent release of the drug when the composition is ingested. 

[10] Embodiments of the present invention include mixing at least one filler, at 
least one disintegrant, and at least one binder with ribavirin to form the mixture; adding about 
15 wt% to about 80 wt% of water to granulate the mixture; forming ribavirin containing 
particles by milling or spheronizing the granulated mixture; drying the particles by heating the 
particles to a temperature ranging from about 25 °C to about 55 °C, e.g., from about 35-45 
°C, until the particles contain a moisture content ranging from about 0.5% to 5.0%. The 
formed composition can then be used in the manufacture of capsules, tablets, etc. 

[11] Another aspect of the present invention is a process for preparing a sustained 
release ribavirin formulation. These formulations can be used as sustained release capsules 
and tablets. The sustained release composition can advantageously be taken with 
conventional immediate release ribavirin dosage forms or can be taken alone and can 
ameliorate some of the issues relating to an immediate release ribavirin dosage. 
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[12] Additional advantages of the present invention will become readily apparent 
to those skilled in this art from the following detailed description, wherein only the preferred 
embodiment of the invention is shown and described, simply by way of illustration of the 
best mode contemplated of carrying out the invention. As will be realized, the invention is 
capable of other and different embodiments, and its several details are capable of 
modifications in various obvious respects, all without departing from the invention. The 
present invention may be practiced without some or all of these specific details. In other 
instances, well known process operations have not been described in detail, in order not to 
unnecessarily obscure the present invention. Accordingly, the drawings and description are 
to be regarded as illustrative in nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[13] Reference is made to the attached drawings, wherein: 

[14] Fig. 1 is an optical photomicrograph of a ribavirin sample made by a wet 
granulation, spheronization process prior to any coating on the particles. 

[15] Fig. 2 is a chart showing the dissolution profile of a 200 mg strength capsule 
containing an immediate release ribavirin composition and the data summarizing the 
dissolution profile. 

[16] Fig. 3 is a dissolution profile showing a commercial, immediate release 200 
mg strength capsule of ribavirin, which has a standard deviation of greater than 5.4%. 

DETAILED DESCRIPTION OF THE DISCLOSURE 

[17] The present invention relates to preparing improved ribavirin compositions 
that can more readily be manufactured into ribavirin dosages for human ingestion. In one 
aspect of the present invention, ribavirin is prepared as a free flowing composition, e.g., a 
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granular powder comprising loose particles or pellets, which advantageously allows the 
manufacture of highly uniform ribavirin dosages. The ribavirin compositions of the present 
invention also advantageously have a highly uniform compositional content thereby 
providing a uniform and consistent rate of release of the ribavirin when ingested by a human. 

[18] In practicing embodiments of the present invention, ribavirin is mixed with at 
least one excipient to form an initial mixture. The mixture is then reduced to particles or 
pellets, and, if needed, dried to form ribavirin containing particles. 

[19] The ribavirin compositions of the present invention can be prepared with any 
excipient, such as at least any one of a filler, diluent, disintegrant, binder, etc., which is 
physically and chemically compatible with ribavirin. The relative amount of ribavirin and 
other components in the composition will depend on the desired dosage. It is preferred that 
the composition contains a maximum amount of ribavirin, e.g., at least about 70% by weight. 

[20] Any filler or diluent can be used in the composition to provide bulk to the 
ribavirin composition, which is physically and chemically compatible with ribavirin. 
Examples of suitable fillers and diluents include lactose anhydrous, microcrystalline 
cellulose, starch, pregelatinized starch, modified starch, dibasic calcium phosphate dihydrate, 
calcium sulfate trihydrate, calcium sulfate dihydrate, calcium carbonate, lactose, dextrose, 
sucrose, mannitol, sorbitol, and their pharmaceutically acceptable salt or hydrate thereof, as 
appropriate. A combination of fillers and diluents can also be used. Preferred fillers and 
diluents are lactose monohydrate and microcrystalline cellulose. 

[21] The amount of filler in the compositions of the invention is preferably from 
about 0.5 to about 30 weight percent, based on the total weight of the ribavirin composition, 
e.g., from about 5 to about 20 wt%. 
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[22] Any disintegrant that is chemically and physically compatible with ribavirin 
can be used in the composition. Examples of suitable disintegrants include croscarmellose, 
hydroxypropyl cellulose, hydroxypropylmethyl cellulose, sodium starch glycolate, corn 
starch, pregelatinized starches, polacrillin potassium, polyacrylates such as Carbopol, sodium 
carboxymethyl cellulose, potato starch, microcrystalline cellulose, cross-linked 
polyvinylpyrrolidone, magnesium aluminium silicate, bentonite, alginic acid and alginates, or 
their pharmaceutical^ acceptable salt or hydrate thereof, as applicable. A combination of 
disintegrants may also be used. A preferred disintegrant is croscarmellose sodium. 

[23] The amount of disintegrant in the compositions of the invention is preferably 
from about 0.5 to about 20 weight percent, based on the total weight of the ribavirin 
composition, e.g., from about 1 to about 10 wt%. 

[24] Any binder that is chemically and physically compatible with ribavirin can be 
used in the composition. Examples of suitable binders include starches, e.g., potato starch, 
wheat starch, corn starch; gums such as gum tragacanth, acacia gum, and gelatin; 
microcrystalline cellulose, e.g., products known under the registered trademarks Avicel, 
Filtrak, Heweten or Pharmacel, hydroxypropyl cellulose, hydroxyethyl cellulose, and 
hydroxypropylmethyl cellulose; and polyvinyl pyrrolidone, e.g., Povidone. 

[25] The amount of binder in the compositions of the invention is preferably from 
about 0.5 to about 20 weight percent, based on the total weight of the ribavirin composition, 
e.g., from about 1 to about 10 wt%. 

[26] In addition to fillers, disintegrants, binders, etc. the ribavirin composition can 
also include a lubricant. Any pharmaceutically acceptable solid or liquid lubricant can be 
used in the composition, which is chemically and physically compatible with ribavirin. 
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Typically the lubricant is used to enhance the flow and prevent sticking of the ribavirin 
composition. Suitable lubricants include magnesium stearate, calcium stearate, zinc stearate, 
talc, propylene glycol, polyethylene glycol, stearic acid, vegetable oil, sodium benzoate, 
sodium lauryl sulfate, magnesium lauryl sulfate, mineral oil, and polyoxyethylene 
monostearate as well as other salts and hydrates thereof A combination of lubricants can 
also be used. A preferred lubricant is magnesium stearate. 

[27] The amount of lubricant in the compositions of the invention is preferably 
from about 0.1 to about 5 weight percent, based on the total weight of the ribavirin 
composition. 

[28] As is known in the art, bulk ribavirin is a poor flowing compound. It is a 
flaked material in bulk, which likely contributes to its poor flow. One way to quantify the 
flowability of a material is to measure its Carr Index. Typically, a material with a Carr index 
of greater than 25% is considered to have poor flow. A material with a Carr Index of 16- 
12% is considered to have good flow. Bulk ribavirin has a Carr Index typically around 50- 
42%. Dry blending a ribavirin mixture resulted in a Carr Index of 33%. Both bulk ribavirin 
and dry blending a ribavirin mixture have poor flow as measured by their Carr Index. 

[29] Another measure of flowability can be made by determining a material's angle 
of repose. The angle of repose is a standard test in the pharmaceutical industry to establish 
the relative flowability of a solid pharmaceutical formulation. (See, e.g., Lachman et al., 
"The Theory and Practice of Industrial Pharmacy" 3rd Ed. (1986) pp 67-68). A greater angle 
of repose means a less flowable material. Remington's Pharmaceuticals Sciences lists the 
angle of repose for glass beads (a high flowing material) at 23 degrees and for granular 
limestone (a poor flowing material) at 64 degrees. Cohesive materials can be as high as 90 
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degrees. (See Remington's Pharmaceutical Sciences, 19th Ed. Mack Publishing Co., (1995) 
p. 1607). 

[30] Based upon experimentation and investigation, it was determined that 
ribavirin compositions can be prepared having superior free flowing characteristics, e.g., 
having an angle of repose no higher than about 35 degrees, e.g., no higher than about 30 
degrees. In one aspect of the present invention, a free flowing granular ribavirin composition 
can be prepared by wet granulating and drying a ribavirin mixture. 

[31] Any pharmaceutically acceptable wetting agent can be used to wet granulate a 
ribavirin mixture in preparing a ribavirin composition. Suitable wetting agents include water, 
poly glycols, such as polyethylene glycol, esters, such as ethyl acetate, ketones, such as 
acetone, alcohols, such as methanol, ethanol, isopropanol, butanol, and combinations thereof. 
In one embodiment of practicing the present invention, the wetting agent is added to a 
ribavirin mixture in an amount of about 1 5 wt% to about 80 wt%. e.g. from about 40 wt% to 
about 80 wt% based on the total weight of the mixture. Another way to describe the amount 
of wetting agent added to the mixture is based on the ratio of wetting agent to the dry mixture 
prior to granulation. Hence, adding about 15-80 wt% of a wetting agent based on the total 
weight of the mixture can also be characterized as adding a wetting agent in an amount 
between about 25% to about 400% based on the dry ingredients. 

[32] While suitable wetting agents can be used in preparing ribavirin compositions 
of the present invention, it has been discovered that water appears to impart better uniformity 
to the resulting composition. It is believed that water facilitates the content uniformity of a 
ribavirin mixture by partially dissolving some of the components, such as ribavirin itself, 
thereby homogeneously distributing the components of the mixture during the granulation of 
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the mixture with water. When the water is removed, as by evaporation and/or heating, the 
components tend to bind together thereby resulting in a homogeneous composition. While 
any amount of water can be used alone or in combination with another wetting agent, it has 
been discovered that when a high amount of water is used to granulate a ribavirin mixture, a 
free flowing ribavirin composition can be produced having a uniform content of ingredients, 
e.g., where the amount of ribavirin in any formed capsule or tablet is substantially the same. 
In one aspect of the present invention, a ribavirin composition is used to manufacture a 
dosage where the ribavirin content among the dosage is between about 90% and 110% of the 
intended amount, with a standard deviation of less than about 4% 

[33] In one embodiment of the present invention, a ribavirin mixture can be 
granulated with water in an amount that is about equal to or exceeds the amount of the dry 
mixture, e.g., a ribavirin mixture can be granulated by adding water in an amount of about 50 
wt%, 60 wt%, 70 wt%, 80 wt%, 90 wt%, 100%, or more, or any amount therebetween based 
on the dry ingredients of the mixture. In a preferred embodiment of the present invention, 
the amount of water added to granulate a ribavirin mixture is between about 50 wt% to about 
80 wt% based upon the dry ingredients. 

[34] Wet granulation also advantageously facilitates preparing ribavirin 
compositions having a narrow particle size distribution. In one aspect of the present 
invention, ribavirin particles are formed by milling or spheronizing a ribavirin composition. 
The particles can be formed with a highly uniform size distribution where over 90% of the 
particles are at least 250 |im. 

[35] By providing free flowing ribavirin particles having a narrow size distribution, 
ribavirin dosages can be manufactured from these compositions with reduced weight 
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variation among the manufactured dosages. Further, since the particles have a high 
uniformity of ingredients, the manufactured dosages would also have a uniform content of 
ingredients. Such compositions facilitate controlling the release rate and its consistency in 
the preparation of immediate release and sustained release products. 

[36] In one aspect of the present invention, a ribavirin composition is used in the 
manufacture of a sustained release dosage. The sustained release dosage can advantageously 
be in a capsule or tablet dosage form. In certain embodiments of the present invention, a 
sustained release dosage form can be used in place of the large number of capsules or tablets 
of ribavirin and multiple dosages ordinarily required for treating Hepatitis C. 

[37] In an embodiment of the present invention, the uniformly sized ribavirin 
pellets can be coated with a material that reduces the bioavailability of the ribavirin from the 
pellets. In other embodiments of the present invention, the pellets can be used in a tableting 
operation where the uniform size distribution of the pellets facilitates making tablets with 
low weight variations. In practicing aspects of the present invention, it may be helpful to 
gain a better understanding of ribavirin as a pharmaceutical ingredient and its mode of 
operation with respect to its availability in a subject. 

[38] Initially, ribavirin may be understood when considering its chemical structure. 
Ribavirin has the following structural formula: 
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OH OH 



[39] Without being limited to any theory, it is believed that one of the three 
nitrogen atoms, present in the 5-membered triazole ring that is connected to the ribofuranosyl 
moiety, is likely protonated at low pH. The bioavailability of ribavirin appears to increase 
significantly when administered with a high fat meal. It is believed that this phenomenon 
maybe indicative of an absorption window (perhaps duodenum) for ribavirin in the 
gastrointestinal tract. A possible explanation for the food effect is that one of the nitrogen 
atoms in the triazole ring becomes protonated (ionized) in the acidic milieu (pH 1.4 to 2.1) of 
the empty stomach, thereby preventing the absorption of the ionized ribavirin from the 
stomach. In the presence of a high fat meal, the stomach pH rises (ca. 4.3 to 5.4) facilitating 
the formation of a nonionized ribavirin species. 

[40] The dose of ribavirin as an immediate release product for treating Hepatitis C 
is 400-600 mg twice a day. This dose corresponds to several ribavirin capsules taken twice 
daily. In one aspect of the present invention, each ribavirin capsule contains 270 mg of 
pellets, which contains about 200 mg of ribavirin. A once-daily ribavirin formulation would 
require the administration of 1200 mg of ribavirin, equivalent to six 200-mg doses. It would 
be advantageous to reduce the dosage amount thereby reducing potential side effects and/or 
reduce the number and frequency of taking this medication to improve patient compliance. 
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[41] One approach for administering ribavirin would be to use six 200-mg capsules 
of the current immediate release product for once-daily administration. The rationale for this 
approach is that ribavirin has a very long biological half-life (ca. 298 hours); therefore, the 
steady state concentration after once-daily administration of six 200-mg capsules would, very 
likely, be comparable to that for the twice daily dosing of three 200-mg capsules. 

[42] According to the Physician's Desk Reference, the bioavailability of ribavirin 
after oral administration increases linearly with the dose (i.e., AUC for six 200-mg capsules 
would be roughly twice the AUC for three 200-mg capsules). The maximum concentration 
of the drug in vivo (C max ), however, does not increase linearly with the dose, but rather in a 
curvilinear manner reaching an asymptote. This would be a favorable point in that the peak- 
to-trough ratio at steady state for the twice-daily and once-daily dosing may be similar. 

[43] A second approach would be to administer one 600-mg ribavirin dose as the 
current capsule product and administer a second 600-mg dose as a delayed-release (i.e., 
enteric coated) formulation by coating a selected sieve cut (e.g., a - 16 + 25 or - 25 + 40) of 
the current pellets with an enteric polymer such as Eudragit RL or Surelease. Since the 
surface area-to-weight ratio of the pellets depends on their size, it would be preferred to use a 
narrow sieve cut for the delayed release formulation. This formulation would comprise of 
three 200-mg immediate-release capsules and three 200-mg delayed release capsules. The 
lag time, before the second (delayed release) dose is released, can be modulated by varying 
the coating level of the enteric polymer. Two different capsule colors can be used for the 
immediate- and delayed-release capsules; and three immediate and three delayed-release 
capsules can be filled in a pouch or sachet as one daily dose. 
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[44] Another approach would be to administer two 600-mg ribavirin tablets, one an 
immediate-release tablet and the other a delayed-release tablet (i.e., immediate-release tablet 
coated with an enteric polymer). The current pellet process minus the extrusion and 
spheronization steps can be used for the tablet product. A lubricant such as magnesium 
stearate may need to be included in the formula. A colorant can be added to the delayed- 
release tablet to distinguish it from the immediate-release tablet. One immediate-release and 
one delayed-release tablet can be packaged in a sachet as one daily dose. Alternatively, the 
immediate and delayed release tablets can be combined into a single tablet or equivalent 
dosage form. 

[45] It is contemplated in the present invention that the dosage amount of ribavirin 
can be reduced by changing the environment of the ribavirin active ingredient in the dosage 
form. This may decrease the side effect profile while maintaining bioavailability. In one 
embodiment of the present invention, ribavirin is formulated with at least one fat in the actual 
dosage form thereby increasing its bioavailability. Any fat can be used with the ribavirin, as 
those are known in the art. Exemplary fats include lauryl sulfates, stearates, etc. and salts 
thereof. The ribavirin and fat combination can be in an immediate release formulation or in 
an sustained release formulation. 

[46] The fat used in the compositions of the present invention may also be used as 
lubricants. However, when the component is used as a fat herein, the amount of such 
compound should be greater than if it were used as a lubricant. In one aspect of the present 
invention, the ribavirin dosage is taken with a fat or immediately before or after ingesting a 
high fat meal. 
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[47] Controlled release technologies useful for capsule and tablet formulations 
involve diffusion and matrix type systems. The present invention contemplates the use of 
coated particles containing ribavirin to delay the release of the drug as well as coated dosage 
forms to delay release of the drug. For the diffusion type system, a membrane or film (e.g., 
Ethocel or Eudragit R) is applied on top of a pellet or granule, as is known in the art. The 
gastrointestinal fluid enters the membrane, dissolves the drug in the pellet, and the dissolved 
drug molecules slowly diffuse through the membrane at a rate depending on the 
characteristics of the membrane and the dissolving drug. In a matrix system, the drug is 
mixed with a polymer (e.g., Methocel, Ethocel, guar gum, alginic acid, etc.) or a waxy 
material (e.g., bees wax, carnauba wax, etc.) and then granulated and compressed into tablets. 
These tablets would not disintegrate, but instead, swell and erode slowly (hydrophilic 
polymers), or remain intact in the case of a wax matrix. The drug dissolves in the matrix and 
slowly diffuses through the channels within the matrix. By optimizing the drug/polymer or 
drug/wax ratio and selecting the appropriate polymer or a mixture of polymers, a desired 
drug release can be achieved, as is known in the art. The present invention also contemplates 
the use of erosion tablets, i.e., those that do not disintegrate, but simply erode over time upon 
ingestion. 

[48] These systems are used for drugs with relatively short biological half-lives, 
since the amount of drug being eliminated from the body needs to be continuously replaced 
by the drug being released from the pellet or tablet at a controlled rate. Because of the 
relatively long biological half-life of ribavirin, a slow continuous release is may not be 
appropriate for ribavirin. However, it can be optimization with such systems nonetheless. A 
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combination of immediate- and delayed-release systems is also considered suitable for 
ribavirin dosing. 

[49] There are several formulas that can be utilized to produce ribavirin pellets by 
wet granulation, preferably with extrusion and spheronization. Table 1 describes a ribavirin 
formula that can be used in preparing ribavirin pellets. The percent ranges of the formula are 
approximate and can vary depending on the particular amount of active ingredient needed in 
the dosage form as well as the type of dosage form used. The excipients are also 
approximate and depend on the type of dosage form. 



[50] Table 1 



Formulation 
Ingredient 


% Total Formulation 
(wet) 1 


Function in the 
Formulation 


ribavirin 


30-90 


Active Pharmaceutical 
Ingredient 


microcrystalline 
cellulose 


10-30 


Binder / Diluent 


croscarmellose, 
sodium 


0-3 


Disintegrant 


polyethylene glycol 


10-40 


Binder / Wetting Agent 2 



1. Calculated on a wet basis. 2. The wetting agent is substantially removed 
from the formulation. 

[51] Under one of the preferred embodiments, the dry ingredients listed in Table 1 
above are mixed together and granulated with polyethylene glycol, the wetting agent, 
extruded through a screen (0.4 millimeter ("mm") to 1,0mm), spheronized, and fluid bed 
dried. Although polyethylene glycol can be used as a wetting agent in practicing 
embodiments of the present invention, it was discovered that its use resulted in a ribavirin 
composition having poor characteristics for capsule formation. It was observed that a 
ribavirin composition prepared with polyethylene glycol cause a capsule containing the 
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composition to become brittle over time. It is believed that residual polyethylene glycol in 
the composition acted as a humectant adversely affecting the capsule. 

[52] Table 2 provides a second exemplary formulation for a ribavirin composition 
having approximate percent range of particular ingredients. 



[53] Table 2 



Formulation Ingredient 


% Total 
Formulation (wet) 1 


Function in the 
Formulation 


ribavirin, U.S. Pharmacopeia 
Grade ("USP") 


40-80 


Active Pharmaceutical 
Ingredient 


microcrystalline cellulose 


10-30 


Binder / Diluent 


croscarmellose sodium 


2-6 


Disintegrant 


polyethylene glycol 


5-20 


Binder / Wetting 
Agent 2 


povidone 


1-4.5 


Binder 


water USP 


15-50 


Wetting Agent 2 



1. Calculated on a wet basis. 2. The wetting agents are removed from the 
formulation. In the case of polyethylene glycol, some of it remains in the 
formulation. 



[54] Under another preferred embodiment, the dry ingredients listed in Table 2 
above are mixed together and granulated with the wetting agent, extruded through a screen 
(0.4mm to 1,0mm), spheronized, and fluid bed dried. 

[55] Table 3 provides a second exemplary formulation for a ribavirin composition 
having approximate percent range of particular ingredients. 
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[56] Table 3 



Formulation Ingredient 


% Total Formulation 
(wet) 


Function in the 
Formulation 


nbavinn, UbP 


A 1 HI 


Active Pharmaceutical 
Ingredient 


microcrystalline cellulose 


24-33 


Binder / Diluent 


croscarmellose sodium 


2-6 


Disintegrant 


povidone 


1-4.5 


Binder 


lactose 


5-10 


Diluent 


water USP 


15-79 


Wetting Agent 2 



1. Calculated on a wet basis by weight. 2. The wetting agent is removed from the 
formulation. 



[57] Under another embodiment of the present invention, the dry ingredients listed 
in the Table 3 above are mixed together and granulated with the wetting agent. The 
granulated mass can then be extruded through a screen (0.4 mm - 1.0 mm), spheronized, and 
fluid bed dried. 

[58] One of the preferred embodiments results in a product that is encapsulated in 
size "1" or "lei" (elongated) capsules to form a 200 milligram ("mg") dose of active 
ribavirin. The total capsule weight is approximately 270 mg (excluding the capsule shell). 
One of the preferred embodiments also calls for a 200 mg pharmaceutical dosage in which at 
least 90% of the ribavirin dissolves within 30 minutes. 

[59] In an embodiment of the present invention, a ribavirin composition can 
contain from about over 70 wt % ribavirin, about 5-25 wt% microcrystalline cellulose, about 
1-10 wt% croscarmellose, about 0.5-5 wt% povidone, about 1-15 wt% lactose, or the 
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pharmaceutically acceptable salts or hydrates thereof. Water can be added in an amount of 
from about 50-80 wt% of the dry ingredients to granulate the mixture. Table 4 provides 
examples of ribavirin compositions having approximate percent ranges of particular 
ingredients and the ingredients for the preparation of a batch of capsules filled with the 
composition. 



[60] Table 4. Ribavirin Capsules and ingredients thereof. 



Ingredient 


Ingredient 1 


Capsule 
200 mg of 
ribavirin 1 


10,000 
Capsules of 
200mg 
(size lei) 2 


10,000 
Capsules 
300mg 
(size 0) 


1,000,000 
Capsules 
200 mg 
(size lei) 


1,000,000 
Capsules 
400 mg 
(size 00) 


ribavirin USP 


74% 


200 mg 


2 kg 


3 kg 


200 kg 


400 kg 


microcrystal- 
line cellulose 


15.6% 


42 mg 


0.42 kg 


0.63 kg 


42 kg 


84 kg 


croscarmellose 
sodium 


3.7% 


10 mg 


0.1kg 


0.15 kg 


10 kg 


20 kg 


povidone 


1.1% 


3 mg 


0.03 kg 


0.045 kg 


3 kg 


6 kg 


lactose 


5.6% 


15 mg 


0.15 kg 


0.23 kg 


15 kg 


30 kg 


water USP 






1.75 kg 


2.63 kg 


165 kg 


330 kg 


Total 3 


100% 


270 mg 


2.7 kg 


4.05 kg 


270 kg 


540 kg 


Total with 
Water USP 






4.45 kg 


6.68 kg 


435 kg 


870 kg 


% Water USP 
in the wet 
granulation 4 






39 


39 


38 


38 


% of Water 
USP to dry 
ingredients 5 






65 


65 


61 


61 



1. Calculated on a dry basis. The water is removed. 2. The amounts (in kilograms) of the 
listed ingredients are provided for the preparation of a ribavirin composition used to fill 
10,000 capsules of lei size to provide a 200 mg ribavirin dose per capsule. 3. The amounts 
listed in this row reflect the total amount of dry ingredients, i.e., the total excluding water. 4. 
This is the weight percent of water added to the mixture calculated on a wet basis. 5. This 
row provides the percent ratio of added water to the dry ingredient (derived by dividing the 
amount of water over the total amount of dry ingredients). 
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EXAMPLES 

[61] The following examples are intended to further illustrate certain preferred 
embodiments of the invention and are not limiting in nature. Those skilled in the art will 
recognize, or be able to ascertain, using no more than routine experimentation, numerous 
equivalents to the specific substances and procedures described herein. 

Example 1 

[62] Free flowing ribavirin particles can be prepared by the following general 
procedure. Ribavirin USP (about 5820 g) was blended with microcrystalline cellulose (about 
1230 g), lactose monohydrate (about 440 g), croscarmellose sodium (about 291 g), and 
povidone (about 87 g). Purified water (about 3700 g), was added to the mixture with stirring 
to wet granulate the mixture. The composition was then dried and milled. Croscarmellose 
sodium (about 1% of the dried milled granules) together with magnesium stearate (about 
0.75% of the dried milled granules) was then added to the dried, milled particles for 
lubrication. The angle of repose of this composition was determined to be no higher than 
about 35 degrees. 

Example 2 

[63] Ribavirin compositions can be prepared in the form of uniformly sized pellets 
by the following general procedure. Ribavirin USP is mixed for about 3 to about 1 5 minutes 
along with microcrystalline cellulose, lactose monohydrate, croscarmellose sodium and 
povidone in a suitably sized granulator. For example, a TK Fielding mixer can be used 
operating at 200 RPM for three minutes to mix a suitably sized batch of dry ingredients. 
Purified water USP is added to the mixture at a rate of about 2 kg to about 50 kg per minute. 
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The wet mass is granulated for about an additional 30 seconds to about 20 minutes depending 
on batch size. The wet granulation can be carried out in the same TK Fielding mixer thereby 
minimizing loss on transfer. 

[64] After granulating, the wet mass is fed into an extruder at a rate that avoids 
product stagnation and excessive accumulation. For example, a twin dome extruder can be 
employed such as a Fuji Model TDG-110P available from LCI. The extrudate from the 
extruder can be any where from about a quarter to about three inches in length. The extruded 
mass is spheronized on an appropriately sized marumerizer or equivalent equipment using 
parameters that would produce highly uniformed sized pellets. Typical parameters used 
during said spheronization include those listed as follows: 

Jacket water temperature 45-60°C 

Groove plate configuration Medium 

Marumerizer speed setting 0.5-1 .0 

Spherionization time 0.5-2 minute/portion 

[65] Common spheronizers can be used as, for example, a Fuji Marumerizer Model 
QJ-700VH available from LCI Corporation. This spheronizer can be used to make uniformly 
sized pellets. For example, using 5-10 kg of an extruded ribavirin composition, the 
spheronizer when run at 4-600 RPMs for about 15 seconds to about 5 minutes to form a 
narrow distribution with respect to the size of the pellets. Other examples include using a 7 
kg batch running the spheronizer at about 500-600 RPMs for two minutes or using a 10 kg 
batch and running the spheronizer at about 500 RPMs for about 1 and 1/2 minutes. 
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[66] The spheronization process forms wet pellets that are then dried, as by a fluid- 
bed drier. Drying is continued until the pellets have a loss on drying (LOD) of not more than 
about 5% and not less than about 0.5% is achieved. 

[67] Any fluid bed drier can be employed to dry these pellets. In an embodiment 
of the present invention, a fluid bed drier is set to have an inlet air temperature of about 70°C, 
an air volume of about 3000-5000 cfrn, a shake duration of about 10 seconds and a shake 
interval of about 2 minutes and an inlet air dew point of about 8-1 5°C. Following drying, the 
pellets are sieved by use of a 16 mesh or 18 mesh screen or similar sized screen. 

[68] The pellets according to embodiments of the invention can be used to 
manufacture capsules, in which at least 90% of the ribavirin dissolves in 30 minutes. 
Additional ribavirin dosages having a different dissolution profile are also contemplated and 
achieved according to the teachings of the present invention. The dissolution profile can be 
further modified by the addition of coatings to the dried pellets to yield delayed- or 
sustained-release dissolution profiles. Coatings in common use include polymethacrylic 
materials, diethyl-aminophenyl materials, polyethylene glycols and other excipients, as well 
as other materials known in the art. 

[69] After the pellets are sieved, they can be coated by a relatively water insoluble 
material or film. This can be done by liquid phase microencapsulation, as is known in the 
art. The relatively non-water soluble material acts as a barrier coating the pellets. The 
release rate of the active in the composition of this coated pellet can be increased or 
decreased by the amount of coating on the pellets. Several polymers can be used for coating 
the pellets including cellulose acetate, ethyl cellulose, cellulose acetate phthalate, 
hydroxypropylmethyl cellulose acetate phthalate, etc. Practically any film forming polymer 
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being insoluble in aqueous medium can be used for the preparation of the coatings on the 
pellets. Microencapsulation can be carried out with the aid of any suitable 
microencapsulating process, as known in the art, which is capable of forming a uniform 
continuous coating on the surface of the pellets. 

Example 3 

[70] The following is a description of a representative manufacturing process for a 
54-kg batch size of ribavirin pellets by wet granulation. A portion of the composition is 
initially prepared by weighing and transferring the following inactive ingredients into a 65-L 
PMA mixer: ca. 8 kg Ribavirin, USP; ca. 1.68 kg microcrystalline cellulose (Avicel PH101); 
ca. 0.6 kg lactose monohydrate; ca. 0.4 kg croscarmellose sodium (Ac-Di-Sol); and ca. 0.12 
kg Povidone, PVP K30. This portion is then dry mixed in the 65-L PMA mixer for 3 minutes 
with the impeller and chopper running. 

[71] This mixture is then wet granulated by spraying ca. 7 kg of pressurized 
Purified Water, USP into the mixer. At the conclusion of the spraying, continue mixing with 
the impeller and chopper running for an additional 30 seconds. Mixing continues until 
proper granulating wetness is achieved. If proper wetness is not achieved, additional Purified 
Water USP is added to the mixer with the impeller running at about the same pressure. At 
the conclusion of the addition of any extra water, mixing is continued with the impeller and 
chopper running for an additional 30 seconds. The mixture is then ready to be discharged 
into a suitable container. These steps can be repeated for addition portions. In this example, 
the above steps were repeated five times to produce a 54 kg batch of product. 

[72] The next steps involve extrusion and spheronization of the combined portion. 
It is preferable to ensure that all product is removed from the 65-L PMA mixer and begin 
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adding a portion of the granulated mixture into the hopper of a ADG-105 extruder. Extrusion 
is commenced with a target auger setting of 0.8, dome die size of 0.6 mm, and a spacer 
distance of 1.0 mm to form an extrudate. While the portion is being extruded, spheronize 
portions of ca. 2 kg using an LCI marumerizer with a target speed setting of 0.7 and a target 
spheronization time of 1 minute/2 kg. 

[73] The manufacturing parameters for the formulation have proved to be very 
rugged. The particle size distribution, however, is effected by the amount of water added in 
the granulation step. A wet mass moisture of approximately 40-42% by weight produces 
pellets having at least 98% of the pellets less than about 1200 microns and 92% greater than 
about 250 microns. This is a desirable result for particle size distribution. It should be noted 
that dry mass blending should be done with enough speed and time to ensure a uniform 
blend. As the dry powders are wetted, the impeller speed needs to be fast enough to produce 
a slow roping action. In past experience, the wet mass appeared almost over wet. However, 
the liquid addition during the granulation step should not stop until there is evidence of balls 
forming, i.e., evidencing true over wetness. The extruder speed should also be set so that 
there is no screen binding or lengthy strands of the extrudate produced. 

[74] Spheronized pellets are then collected in the granulator/dryer bowl for drying, 
as in a WST-30 fluid-bed dryer. Pellets are then dried in equal portions until a target LOD of 
0.2-2.0%) is achieved. The dried pellets are transfer into a Russell sieve equipped with a 16- 
mesh screen and all product retained on the 16-mesh screen were rejected. An optical 
photomicrograph of a sample of the dried pellets was taken with a magnification of lOx and 
is shown in Fig. 1. 
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Example 4 

[75] Two commercial 202.5 kg batches of ribavirin pellets were prepared. Each 
batch of ribavirin pellets was prepared in the same manner as described in Example 3 except 
bulk ribavirin was also passed through a screen, e.g., a 12-6 mesh screen, prior to the wet 
granulation step. Further, the amounts of the individual ingredients were scaled-up and 
equivalent equipment was used that could accommodate the increased load of ingredients. In 
this example six portions of a ribavirin mixture was prepared each weighing 33.75 kg for 
each 202.5 kg batch. Approximately 19.5 kg of water was added to each 33.75 kg portion 
(i.e. a ratio of added water to powder blend of about 0.58 to about 0.65). 

Example 5 

[76] Angle of repose data was collected for ribavirin composition made in 
accordance with Examples 1 and 3 and compared to bulk ribavirin and a commercial 
ribavirin product. In determining the angle of repose for the compositions of the present 
invention and comparative examples thereto, a sample was passed through a 12 mesh screen 
to break up agglomerates. The sample was then introduced into a stainless steel funnel with 
a 1 cm aperture/opening and passed through the funnel onto a clean sheet of white paper. 
Sample feeding was stopped when the height of the sample reached the lowermost part of the 
funnel. The funnel height was then measured, as well as the diameter (width) of the sample. 
With respect to the latter, the diameter of the mound of sample on the paper was averaged in 
two dimensions, x and y. The angle of repose for a given sample was calculated by taking 
the inverse tangent of the following equation: Tan (a) = 2H/W, where H is the height of the 
funnel from the paper and W is the averaged diameter of the poured sample at its base. 
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[77] Table 5. Angle of Repose Data 



Sample 


Mfr./Lot 


Repose Angle 






Trial 1 

111 CLl I 


Trial 2 


Bulk Ribavirin USP a 


Star Lake 
T WO? 0904 


AA 
44 


4z 


Rebetol^ Commercial Cansules 


Scherine Com 


42 


44 


^lesi sample empueu irom /u 
capsules) 


i i?cni s 






Ribavirin Particles 


lot 3H6022 


34 


-- 


prepared according to Example 1 








Ribavirin Particles 


lot 3H6023 


34.8 


- 


prepared according to Example 1 








Ribavirin Particles 


lot 3H6024 


35 


— 


prepared according to Example 1 








Ribavirin Pellets 


lot 3B1778 


30 


30 


prepared according to Example 3 








Ribavirin Pellets 


lot 3B1867 


31 


30 


prepared according to Example 3 








Ribavirin Pellets 


lot 1889 


27 


29 


prepared according to Example 3 









a. It was difficult to assess an accurate angle of repose for bulk ribavirin due to its 
propensity to clumped together, which impeded its flow through the funnel. The 
angle of repose is likely higher than the measured value. No screening or sieving 
helped its flow. 

b. Rebetol is a commercial ribavirin composition from Schering Corp. Seventy 200mg- 
strength ribavirin capsules were emptied and their contents combined and measured 
to determine their angle of repose. 

[78] As shown in Table 5 above, a process that includes the addition of water to a 
ribavirin mixture results in a ribavirin composition having superior free flowing characteristics 
relative to ribavirin itself and ribavirin compositions from a commercial source. 



Example 6 
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[79] The ribavirin composition can be made in accordance with embodiments of 
the present invention having a highly uniform particle distribution. The following table 
shows the sieve analysis of a manufactured batch according to Examples 3 and 4. As shown 
in the table below, the distribution particle size is highly uniform with over 90 wt% of the 
particles being at least 250 |im (i.e. less than 10% of the particles pass through a 60-mesh 
sieve). 

[80] Table 6a. Sieve Data Summary 



[81] 



Sieve No. 


Average wt% Retained 
Example 3 


Average wt% Retained 
Example 4 


25 


37 


22-25 


30 


15 


12-14 


40 


33 


28-30 


60 


14 


28-25 


100 


0.6 


6-9 


200 


0 


0.4-0.9 


Fines 


0 


0-0.1 


Table 6b. Sieve Data Summary 


Sieve Size 
(Hm) 


Differential wt% Greater 
than Indicated Size 


Cumulative wt% Greater 
than Indicated Size 


710 


35.78 


35.78 


600 


22.12 


57.90 


425 


28.34 


86.24 


250 


12.05 


98.59 


150 


0.14 


98.43 


90 


0.70 


99.13 


53 


0.0 


99.13 



Example 7 

[82] Pellets prepared in accordance with Examples 3 and 4 were used to fill several 
thousand size-1 capsules using an encapsulating machine. Sample capsules were collected 
throughout the encapsulation process and individual weights were determined. The weight 
variation among samples was determined in accordance with the procedures set forth in USP 
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26, Monograph <905> Uniformity of Dosage Units (2003). The capsule weight variation 
data is summarized in the table below. 



[83] Table 7. Uniformity of Weight Data 



Example 


Sampling 


No. of 


Average 


Minimum 


Maximum 


% Wt 




intervals 


capsules 


Wt (mg) 


Wt (mg) 


Wt (mg) 


variation 






weighed (n) 










3 


12 


120 


269.5 


258.0 


287.6 


+/-6.5 


4 


27 


864 


272.1 


251.8 


286.9 


+/- 6.7 


4 


28 


896 


269.6 


254.2 


283.1 


+/- 5.9 



[84] An acceptable criteria for individual capsule fill weight is within +/- 10%. 
Capsules manufactured with ribavirin compositions made according to embodiments of the 
present invention have fill weights within +/- 8%, e.g., within about +/- 7%. 

Example 8 

[85] Capsules prepared in accordance with Example 7 were also tested for the 
capsule's content uniformity. Sample capsules were collected throughout the encapsulation 
process for the content uniformity test. Content uniformity assays of ribavirin were 
preformed on 3 capsules from each sampling interval for a total of 36 assays for capsules 
made with the composition of Example 3 and 30 assays for capsules made with the 
composition of Example 4. The content uniformity was determined in accordance with the 
procedures set forth in USP 26, Monograph <905> Uniformity of Dosage Units (2003). The 
data are summarized in the table below. 
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[86] Table 8. Uniformity of Ribavirin Content. 





No. of capsules 


Average 


Minimum 


Maximum 


RSD (%) 


Example 


weighed (n) 


(%) 


(%) 


(%) 




3 


36 


98.3 


95.5 


103.0 


1.9 


4 


30 


98.1 


84.6 


102.2 


3.7 


4 


30 


99.9 


85.3 


104.1 


3.2 



[87] As shown in the table above, the average content of ribavirin in any given 
capsule is no less than about 98%. Moreover, the standard deviation is less than about 3% or 
4%. The above table is indicative of the high content uniformity that can be achieved in 
practicing certain aspects of the present invention. The high ribavirin content uniformity can 
advantageously be achieved in commercial sized batches, as shown for the results of 
Example 4 in Table 8, e.g., a ribavirin content of between about 85% and 105%. 

[88] As a comparison, capsules prepared with the composition of Example 3 were 
compared to a commercial 200 mg ribavirin capsule with the following results. 



Potency Assay (Content Uniformity (20 capsules) 


Test Product Lot: 


98.4% (1.5% RSD) 


Reference Product Lot: 


98.3% (5.7% RSD) 



Example 9 Dissolution Profiles 

[89] Capsules containing the ribavirin composition made in accordance with 
Example 3 were tested to determine their dissolution profiles. Twelve capsule were tested in 
accordance with the procedures set forth in USP 26, Monograph <711> Dissolution (2003). 
The dissolution profiles for a ribavirin, 200-mg capsule, are shown Table 7. 
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[90] Table 9. Results of In Vitro Dissolution of uncoated pellets 



Sampling Times 
(min) 


Test Product Made according to Example 3 
Strength: 200 mg 


Mean (%) 


Range (%) 


%RSD(n= 12) 


15 


97.2 


5.8 


1.74 


30 


97.7 


4.7 


1.48 


45 


96.5 


5.2 


1.66 


60 


96.2 


3.9 


1.27 



[91] The uniform dissolution of a 200 mg ribavirin capsule manufactured from the 
composition of Example 3 is also shown in Fig. 2 and the accompanying information in the 
table of Fig. 2. As shown in Fig. 2, ribavirin dosages manufacture with ribavirin 
compositions prepared in accordance with embodiments of the present invention result in a 
standard deviation in the dissolution of no greater than 2%. The dissolution profile of a 
commercial 200 mg ribavirin capsule is shown in Fig. 3 along with accompanying data. As 
evidenced by comparing Figs 2 and 3, the dissolution consistency of ribavirin dosages 
prepared in accordance with embodiments of the present invention result in an improved 
immediate release ribavirin capsule. 

[92] The consistency in dissolution influences the bio-availability of ribavirin in a 
subject. The dissolution uniformity of the immediate release pellets of the present invention 
can be advantageously applied to a sustained release formulation. By coating these pellets or 
using the pellets in a coated tablet, sustained release product can be prepared with a high 
degree of control over the release rate of the drug. 

[93] In this disclosure there is described only the preferred embodiments of the 
invention and but a few examples of its versatility. It is to be understood that the invention is 
capable of use in various other combinations and environments and is capable of changes or 
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modifications within the scope of the inventive concept as expressed herein. Thus, for 
example, those skilled in the art will recognize, or be able to ascertain, using no more than 
routine experimentation, numerous equivalents to the specific substances and procedures 
described herein. Such equivalents are considered to be within the scope of this invention, 
and are covered by the following claims. 
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